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ABSTRACT 

We discuss the handbag approximation to exclusive deep virtual Compton scat¬ 
tering. After dehning the kinematical region where this approximation can be 
valid, we propose tests for its relevance in planned electroproduction experi¬ 
ments, e-l-p—>e-t-p-|- 7 . We focus on scaling laws in the cross section, and the 
distribution in the angle between the lepton and hadron planes, which contains 
valuable information on the angular momentum structure of the Compton pro¬ 
cess. We advocate to measure weighted cross sections, which make use of the 
data in the full range of this angle and do not require very high event statistics. 
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1. Exclusive virtual Compton scattering (VCS) has some very interesting features. 
The subject has a long history, being examined early in the development of the par- 
ton model 1^. Recently |^, |^, ^ there has been considerable renewed interest with the 
realization that off-diagonal correlations of quark operators in proton states might be 
measurable with VCS. They generalize the parton distributions of deep inelastic scatter¬ 
ing (DIS) but, being off-diagonal matrix elements, do not have a probability interpreta¬ 
tion. In fact, these “off-diagonal parton distributions” have a long history [Q. Following 
the work of Ji, Tang and Hoodbhoy P, Ji pointed out the relevance of VCS to getting 
information about quark orbital angular momentum p[. Some analysis in the operator 
product expansion has been done in []^, |[. 

In DIS the diagrams that contribute at leading twist to the cross section factorize 
into a hard perturbative and a soft nonperturbative part, which are connected by only 
two quark or two gluon legs, where furthermore the corresponding loop integral only 
runs over the parton momentum fraction x. This dehnes the handbag approximation. 
Such diagrams evidently also contribute to the VCS amplitude. We show in Fig. |l| the 
handbag diagrams at Born level. To higher order in as, one has quark diagrams with 
radiative corrections to the hard scattering parts, as well as diagrams where the two 
partons attached to the soft blob are gluons. 



Figure 1: The handbag Born diagrams for virtual Compton scattering. Here x and x' 
are light cone fractions of the quark with respect to the incoming proton momentum. 

There is no doubt that the handbag diagrams are but a subset of those contributing 
to the process. Considerable theoretical effort has already gone into exploiting the prop¬ 
erties of the handbag model, for instance, studying logarithmic scaling violations P, |^, |^. 
A much different question is to critically ask how well one can trust to the dominance 
of the handbag model in the hrst place. On the practical side, the new elements of 
VCS, off-diagonal in momentum and spin, with the complication of a real photon in the 
hnal state, are not dynamically similar to inclusive electroproduction but rather to other 
exclusive reactions. In particular the size of (higher twist) corrections to the handbag 
contribution, such as for instance the pion exchange process discussed in [^, really has 
to be studied anew empirically: the values of where the handbag approximation is 
satisfactory need not be the same in deep inelastic scattering and in VCS. At this point 
in time, not enough is known to make iron-clad statements directly from theory. As we 
argue below, the scope of the handbag is most probably limited to a restricted kinematic 
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region. But whatever theory statements are made, the function of experimental science 
is to test the important ideas systematically. A very diverse experimental program is 
now being discussed for JLAB, HERA, CERN and the ELFE project [ 0 - 

The dynamics of VCS is quite rich, and very different physical processes will occur 
in different kinematic regions. No single mechanism can be expected to describe all 
regions. Our approach here is to ask: how can one test experimentally the dominance of 
the general model, allowing for lack of information about the new parton distributions 
about which almost nothing is known so far? To proceed we will hrst focus on the 
kinematic regions where the model might work, and then End some tests based on general 
principles. 


2. Let us then have a closer look at the kinematics of the process 

7*(g)+p(p) ^ 7(g')+p(p') , 


( 1 ) 


with momenta given in parentheses. We use the conventional variables 


^ ^ ^ ^ ^ . q) , ( 2 ) 


and consider only 3> 1 GeV^ so that pQCD may be applied. Taking large while 
keeping xb fixed corresponds to the “Bjorken limit”, but for our reaction is too broad a 
range for the handbag’s application. In fact, much of the physics hinges on the different 
components of the four-vector = {p — Note that t is the additional 

Mandelstam variable necessary to hx the kinematics. We will always work in the 7 *p 
center of mass, with the positive 2 ;-axis given by the virtual photon momentum, and 
introduce At as the transverse momentum transfer from the initial proton to the final 
one. For the scattering angle 6 between p and p' we have 


sin 9 


2AtW 

W^-m? 


( 3 ) 


At 0 = 0 the invariant t attains its kinematical limit, given by 


to = —m^ 


X 


2 

B 


1 — Xb + XB'fn'^/Q'^ 


( 4 ) 


up to relative corrections of order where m is the proton mass. 

Now let us turn to different kinematic regions at large and the relevance of the 
handbag model to each: 


• Resonances: there is an “exceptional” region, where W is in the range of resonance 
masses and ~ 1. We remark that kinematics then constrains —t to be of order 
Q^, cf. (^), while At is restricted to be of order m. Physically, in this region a 
rather soft photon is emitted in a nearly elastic absorption of a large photon 
by the proton. It is not a good bet that in the resonance region the long-time 
process of photon emission from the system is going to be well described by the 
impulse approximation used in the diagrams of Fig. [^. Remember that the impulse 
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approximation occurs when the “plus” component of the parton momentum (in 
our frame, where p~ is large) is integrated over, setting relative light cone times in 
the correlation functions to zero. We emphasize that this situation is qualitatively 
different from the case of DIS, where the quasi-elastic region 1 is already 

rather special . 

In the following we exclude this region from our study and require W‘^ 3> 1 GeV^, 
which is tantamount to 

1 - xs > rn^IQ^ . (5) 


• The hxed angle region: in the case where Ay is of order Q, all invariants 

—t and —u = —{p — q'y are large compared to 1 GeV^. This is called the 
“hxed angle limit”, cf. (|^), and is an example of a short distance process governed 
by one and only one large scale Q^. The handbag cannot be dominant in this 
region, which receives many roughly equal contributions from numerous quark 
counting-type diagrams, where only the three-quark Fock state of the proton is 
taken into account and where 7 * and 7 may couple to different quarks, in contrast 
to the handbag diagrams of Fig. |l|. Extensive calculations within pQGD have been 
performed for this region [^, ^ . The hxed angle limit is an example of kinematics 
“in the Bjorken limit” which must be excluded to narrow down where the handbag 
might be useful. 


• The forward but large At region: for sufficiently large Q there is a transition region 
where is much smaller than Q but still large compared with 1 GeV. From (|^) 
we see that this corresponds to forward scattering, 6 * ~ 0. Let us argue why the 
handbag approach cannot apply here. In the 'j*p frame the model describes the 
scattering of one quark out of the initial fast proton into the hnal one. The total 
momentum transfer, and in particular its transverse component A^^ is carried by 
this one quark. The scattered quark must re-coalesce with the spectator partons 
to form the outgoing proton in soft, non-perturbative processes, which are param¬ 
eterized by the lower blob, or in other words the parton distributions. Yet one 
cannot ask soft processes to bend the hnal state through a At of several GeV. 


One must instead model those scatterings perturbatively, directly inserting the mo¬ 
mentum transfers to the spectators as is done in the hxed angle region — although 
the presence of two diherent hard scale At and Q will make the problem more 
complicated. We point out that this problem has some similarity with hadron- 
hadron scattering at large c.m. energy and —t of several GeV^ [1^. The presence 


of two scales poses a question of Sudakov ehects although processes with photons 
are known to be much less sensitive than hadron exclusive reactions . 


• The small At region: for the handbag dominance to be used one needs a region 
of and IF^ large, where in addition At is small enough so that the unscattered 
spectator partons have a good overlap with the scattered proton, and “flow right 
through”. In practice, a usual criterion for constituents that live inside a proton 
is At ^ 300 MeV, but one might stretch it to as much as At ^ 1 GeV. We call 
this the “small At region” to emphasize that “forward region” as specihed by the 
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scattering angle 9 does not take into account that partons have hnite transverse 
momentum inside hadrons. 

In this region we have 

= (1-a;s)(to-t) (6) 

up to relative corrections of order so that t is close to to given in (^). 

Notice that while At has to be small the longitudinal components of the momentum 
transfer are not: its “minus” component is A“ = XbP~ in our kinematic limit 
and thus of order Q. 

We have, then, delineated the domain where the interesting physics of the handbag, 
and the chance to measure the off-diagonal parton distributions mentioned in the in¬ 
troduction, can be approached. It turns out that in this kinematics there are rather 
simple tests which could tell us whether the handbag is a good approximation or not. To 
formulate these tests we will now turn to what the handbag model predicts for angular 
momentum selection rules of the 7 *p ^ yp process. 

3. Consider the perturbative Compton scattering of a virtual photon on a free quark tar¬ 
get in the high energy limit. The general expression is complicated, but in a frame where 
all particles are fast and in the region of nearly collinear kinematics, with transverse mo¬ 
menta much smaller than Q, a short calculation reveals a handsome simplihcation. In the 
collinear limit the process has the remarkable property of s-channel helicity conservation 
for the photon. Note hrst that in collinear kinematics angular momentum conservation 
is the same as spin conservation. Next, recall that a light quark’s helicity is conserved 
(this is perturbative chiral symmetry). The quark cannot absorb a longitudinal photon 
and emit another transverse one at all. As for absorbing a transverse photon, the quark 
flowing through (without flipping its helicity) then cannot change the photon’s helicity, 
leading to the s-channel photon helicity conservation. 

This argument, in the spirit of the old-fashioned parton model, summarizes the spin 
selection rules of the handbag diagrams in Fig. Q. Recall that in order to get the 7 *p —>■ yp 
amplitude parameterized by the off-diagonal quark correlation functions of [Q one uses 
the impulse approximation and integrates over the and the kx of the partons in the 
handbag loop. The leading term in the expansion of the result in powers oil/Q amounts 
to scattering on a free, on-shell parton, just as in DIS. The off-diagonal correlation 
functions depend on three kinematical variables, which can be chosen as x, the light 
cone fraction of the quark taken out of the target, x', the fraction of the quark put back 
into the scattered proton (both fractions with respect to the initial proton momentum), 
and At or t. Kinematics fixes the difference x — x' to be xs in our process. 

In the diagrams of Fig. Q the integration over the light cone fractions falls into three 
distinct regions: x and x' are either both positive, or both negative, or x is positive 
and x' negative. In the hrst case our above argument directly gives s-channel helicity 
conservation for the photon. In the second case one can, as one does in DIS, re-interpret 
the “backward moving” quarks as forward moving antiquarks and apply our argument 
to Compton scattering on an antiquark. In the third case, which does not have an 
analogue in DIS, one can again map the backward moving x'-quark onto an antiquark. 
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The partonic process then is the collision of a quark-antiquark pair with a virtual photon, 
giving a real photon in the final state. With quark helicity conservation and collinear 
kinematics the gg-pair has zero spin along the collision axis, so that again the photon 
helicity is conserved. 

We have then that in the handbag approximation of Fig. ^the photon does not change 
helicity to leading order in 1/Q. At = 0 the proton helicity can then not be flipped 
either because of angular momentum conservation. For hnite small A^, however, the 
handbag does give proton helicity flip amplitudes at leading twist, with an overall factor 
of AT/m, or Aj-Rp where Rp is the proton radius. While with the constraints from 
parity invariance there are in general 12 independent helicity amplitudes in VCS [|^ 
the handbag model leaves us with four: the combination of the helicities of the photon, 
incoming and outgoing proton gives 2x2x2 amplitudes, which are related pairwise by 
a parity transformation. These four independent amplitudes can be expressed in terms 
of the four off-diagonal parton distributions introduced in |^. 

We have so far only considered the Born diagrams in the handbag approach, and 
now have to discuss the effects of QCD loop corrections. For diagrams with quark legs 
attached to the soft blob our above helicity arguments are not changed, as perturbative 
corrections to the hard scattering respect quark helicity conservation. For the diagrams 
that involve off-diagonal gluon correlations we have to consider the collinear scattering 
of a photon on a free gluon. As on-shell gluons are transverse one hnds that this scat¬ 
tering can change the photon helicity by zero or two units, but not by one. The virtual 
photon can thus not be longitudinal since the final state photon must be transverse, but 
contrary to the quark scattering case there can now be photon helicity transitions from 
— 1 to -|-1 and vice versa. Photon helicity conservation can thus be violated at the level 
of a 5 -corrections. We will keep this in mind when discussing tests of the handbag in 
the following. The measurement of such —1 to -|-1 helicity transitions would in fact be 
interesting by itself, since they involve gluon correlation functions that have no coun¬ 
terpart in the diagonal limit p = p', where they are forbidden by angular momentum 
conservation. 

4. In the electroproduction process 

e{k) + p{p) e{k') + p{p') + , (7) 

virtual Compton scattering interferes with the Bethe-Heitler (BH) process of Fig. |^. We 
use the variables Q^, xb and At (or t) already introduced and further y = {q ■p)/{k -p). 
Another convenient variable is the ratio e of longitudinal to transverse initial photons in 
the VCS process. For reasons that will be clear shortly we assume in the following that 

l-2/>mVQ^ , (8) 


then e = (1 - y)/{l -y + y^/2). 

We also introduce the angle ip between the leptonic and hadronic scattering planes in 
the c.m. of the scattered photon and scattered proton (see Fig. |^). As we will show, the 
(^-dependence of the physical cross section contains a wealth of information. Rather than 
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Figure 3: Kinematics of reaction (0) in the c.m. of the scattered photon and proton. 


work at hxed (p values — a procedure sometimes advocated to knock down the Bethe- 
Heitler contribution — we will show how to test the model using the full (p-dependence. 
Notice that with appropriate phase conventions for the external particles the contribution 
of VCS to the amplitude of (|^ for a given helicity A of the intermediate photon 7 *(g) 
has the (p-dependence 

Tvcs oc exp(-a<y9) , (9) 

which will allow us to hnd simple tests for the helicity structure of VCS. 

Let us take a closer look at the BH process in the kinematic region where we want 
to test the handbag approximation, i.e. where and m are all small compared 

with Q. Since the handbag dominance holds in a 1/Q expansion, it is natural to also 
expand the BH amplitude in powers of 1/Q. Its leading term goes like A^/t or m/t, 
whereas Tycs scales like 1/Q ii the 7 *p ^ 7 p amplitude behaves in Q like a constant. 0 
This leads to a hierarchy in powers of 1/Q for the contributions to the ep cross section of 
the squared BH amplitude, the VCS-BH interference and the squared VCS amplitude, 
respectively. 

To understand the (p-dependence of the BH amplitude it is worth noting that the 
^We assume that none of the 7 *p ^ yp helicity amplitudes increases like a power of Q. 


7 








invariants s' = {k' + q'Y and u' = {k — q'Y, which appear in the lepton propagators at 
Born level, read 


, 2ATQy/l - y f 2 

s = - cos(p + (Jim ,t) , 

y y 

> ^ , 2AtQa/1 - y I 2 

u =-(1 —y)H -cos<p + 0(m ,t) 

y y 


( 10 ) 

( 11 ) 


We see that s' and u' depend only weakly on ip in the region of interest. Under the 
condition (|) we can expand in powers of (A^/Q) ■ cos ip the propagators 1/s' and 1/m' 
in the expression of Tbhi which gives at the same time a Fonrier expansion in ip. To 
leading order in 1/Q we find a very simple (p-dependence: 


Tbh oc exp(—2iA'(p) + O 




( 12 ) 


for a scattered photon of helicity A'. 

We can now investigate the (/9-dependence of the ep cross section, with nnpolarized 
protons and leptons for the time being. It is given by 


da 


xb y 


dipdtdQ'^dxB 32 (27r)4 ^ I + Ax\m^ / 

The sqnared BH contribntion has the strnctnre 


\'^BH + TVcSl 


(13) 


Tbh? = /i(e,a;ij. At) -h yrcosip • /2(e,Xij, At) + 0 \ — 


Q 




(14) 


with fnnctions /i and /2 whose expressions we do not need here. The sqnare of VCS 
can readily be expressed in terms of helicity amplitndes (Q^, xb, At) for 'j*p —>■ jp, 
where A (A') is the helicity of the initial (hnal) state photon and h {h') that of the initial 
(hnal) state proton. It reads 


IT, 


vcs\ 


r0,l |2 




h,h' 


cos^ . + Re{(Mii)-Af« - (Mp/yipj,} 

cos2ip-eRe{(M^’l,)*M~l?} , (15) 


where e is the electron charge. Finally, thanks to the simple (/9-behavior in (P), ([T^) the 
BH-VCS interference can be written as 


^BH^VCS^ ^VCS^BH “ 


e® m 


4^2 


t Q xb^T^-xb 


cos ip ■ 


6 ( 1 - 6 ) 


:ReM 


1,1 


cos 2(/9 


'1 + 6 


ReM' 


0,1 


COs3(/9 


1-6 


■ ReM-^’^ 




( 16 ) 


























for a negatively charged lepton. Here the 'y*p 
tions 


7 P amplitudes enter in linear combina- 




= — ■ 


m 

m 


(1 — Xb) Gm ~ (1 ~ xb/‘2) F 2 
Gm — (1 — xbI2) F 2 


■M 


A,A' 


- 1 / 2 ,- 1/2 


^'^1/2,1/2 


+ 


A2 


XB Gm + -^2 


2m? 


■M- 


A,A' 

1 / 2 ,- 1/2 


A2 




( 17 ) 


where Gm is the magnetic and F 2 the Pauli form factor of the proton, both to be taken 
at momentum transfer t. 

In summary, then, the hierarchy in powers of 1/Q, with \Tbh\‘^^ BH-VCS interference 
and \Tvcs\^ going like 1, 1/Q and 1/Q^, respectively, in the handbag model, is accom¬ 
panied with a (/7-distribution going like cos(n(p) with n = 0, 1, 2 and 3. A powerful 
consequence is that extracting the angular distribution does not require any binning 
of data. One can instead weight the events with these angular functions, i.e. measure 
weighted cross sections 


{{m)) = 


Q' 


Xb r 


dp 


da 


dp dt dQ"^ dx 


B 


f(f) 


(18) 


with f{p) = 1, cos(p, cos2(p, cos3(p, which directly project out the corresponding Fourier 
coefficients in the cross section. In {{f{p))) we have taken out the factor xbh'^/Q'^ 
from the phase space in (|^ for later convenience. Other choices of weighting functions 
are possible: one can e.g. multiply the data by ±1 in alternating sectors, generalizing 
the concept of a left-right asymmetry, which is tantamount to choosing f{p) as the 
signature function of cos p, cos 2p, ... Due to constraints from angular acceptance in a 
given experiment one may also have to choose functions f{p) that vanish in a certain 
range of p. In any case one can use the statistics of the full data set to extract the 
Fourier coefficients of the cross section. 

In (|^ and ( ]T^) we note the very different e-dependence of the VCS and BH am¬ 
plitudes: Tvcs has a relative factor of l/\/l — e compared with Tbh- The numerical 
importance of Tycs might thus be enhanced by exploiting the region close to e = 1. At 
hxed and xb this requires a large c.m. energy of the ep reaction. Conversely, we 


note in the interference term (1^) that small e emphasizes the hrst term in the square 
brackets, going like Af/’/,, which is one of the amplitudes we want to test. 

Using the weighted cross sections (^) we now formulate a number of tests for the 
predictions of the handbag approximation. Let us hrst assume that e is not too large so 
that the BH-VCS interference ([l6|) dominates over the squared VCS amplitude (|^ due 
to their respective global factors 1/Q and 1/Q^. 

• We can test the scaling properties of the handbag: in the leading order interference 
term (|T6) the function cosp is multiplied by the photon helicity conserving ampli¬ 
tudes M/’/, which the handbag approximation predicts to be constant in Q. There 
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is also a cosyj-term in the square (H) of the BH amplitude, which has the same 
global power 1/Q and thus must be subtracted if we want to investigate VCS. Note 
that the BH process including its QED radiative corrections can be calculated and 
that the elastic proton form factors are well parameterized in the region of small 
t where they are needed. We then have as a test for the scaling properties in the 
handbag that at hxed A^, xb and y 


({cOS(p)) - ((cos (p))bh only ~ ) (19) 

where ((cos )) gjj denotes the contribution of the squared BH amplitude. Of 
course this scaling behavior is to be understood as up to logarithms due to QCD 
radiative corrections in the handbag. 

Note that with a hxed ep c.m. energy the variables xb, y and are not inde¬ 
pendent: changing at hxed xb will change y. To investigate the Q^-behavior 
of the amplitudes one must then multiply ((cosip)) with an appropriate 

e-dependent factor to be taken from (pTl). A similar remark holds for the other 
weighted cross sections we will discuss. 

Beyond testing the handbag the measurement of ((cos(p )) should oher a good way 
to extract the leading twist VCS amplitudes, in a linear combination (pTf) . This 
allows one to gain rather direct information on the new oh-diagonal parton distri¬ 
butions if the handbag approximation is found to work well in a given kinematic 
regime. 

• To test photon helicity conservation we can use {{cos2ip)) and {{cos'^ip)). To 
order 1/Q they receive contributions from the BH-VCS interference proportional 
to and respectively, which are zero in the handbag approximation and 

thus should be power suppressed. Note that \Tbh\^ does not contain any cos2(p or 
cos3(p up to order 1/Q, so that, without needing to subtract this contribution, we 
have as a test for the handbag that 


((cos2(p)) , ((cos3(p)) ~ l/Q” , n> 2 . (20) 


From ([I^) and (^OD one has of course that ((cos 293 )) and {(cosSip)} are small 
compared with (( cos 93 )), a test that can even be done without much lever arm in 


At the end of Sec. 3 we discussed the possibility of having leading twist amplitudes 
Mf/l’/ at order as in the handbag. If such amplitudes exist then the behavior of 
((cos3(p)) should be like as/Q instead of the one given in (^). 


Let us now see what can be done in the kinematic regime where e is sufficiently close to 
1 so that the VCS contribution to the amplitude dominates over the contribution from 
BH. It is then \Tycs\^ that is dominant in the cross section. 


• The scaling of the handbag can now be tested with the weighted cross section ((!)): 
the constant part in the squared VCS amplitude ([T^) contains a term quadratic 
in the photon helicity conserving amplitudes We remark that the leading 
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order interference term given in (]^) does not contribute to ((!)), but that the 
terms denoted by 0(1/Q^) there do contain a constant piece. By assumption it 
is suppressed compared with the contribution from \Tycs\^, as well as the leading 
term in the squared BH amplitude ([T^) , which one may but does not need to 
subtract. The scaling prediction of the handbag model is then 


((i))~i/Q" 


( 21 ) 


• ((cos2 (y9 )) is sensitive to the photon helicity changing amplitudes The 

quark contribution in the handbag approximation gives 

((cos2v 7)) ~ 1/Q" , n > 3 , (22) 

whereas the gluon diagrams could enhance this behavior by a factor as ■ Q- There 
is a corresponding test for the amplitudes involving ((cosip )), but the contri¬ 
bution of the BH-VCS interference to this quantity is proportional to the leading 
twist amplitudes mI’I,, so that one will need smaller values of (1 — e) to suppress 
this contribution than in the case of ((cos2(p)). 


5. Let us now see which additional information on VCS can be gained using lepton 
beams with longitudinal polarization = ±1/2, while still averaging over the proton 
spin. Recall that due to parity and time reversal invariance the hg-dependent part of 
the cross section is the interference between the absorptive and the nonabsorptive part 
of the ep scattering amplitude The BH amplitude is purely nonabsorptive at 

Born level. QED radiative corrections, although they can be sizeable, are not expected 
to signihcantly change this since a large part of them comes from the collinear and 
infrared regions which do not lead to large absorptive parts. As a consequence \Tbh\‘^ 
is independent of he- The hg-dependent terms in the BH-VCS interference probe the 
absorptive part of VCS, i.e. ImM^’^, with our phase conventions, while its hg-independent 

part is sensitive only to ReM^’^^,. 

From parity invariance it follows that for unpolarized protons the hg-dependent part 
of the cross section is odd in ip and the hg-independent part is even. The lepton spin 
asymmetry of the (/^-integrated cross section is therefore zero, which might offer a useful 
experimental cross check for the lepton spin measurement and the acceptance in cp. 

Compared with the lepton spin averaged expressions in ( 0 ). ( 0 ). we now have 

\Tvcs\^ = + 

2K sin >p ■ Pil- t) (23) 

h,h' 

^Remember that, apart from kinematical phases such as in (I), (El) and from phases due to the 
definition of particle states the absorptive (nonabsorptive) part of an amplitude is its imaginary (real) 
part. 
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and 


Tn 

'^Bh'^VCS + '^VCs'^BH = {'^Bh'^VCS + '^VCs'^Bh} eq.{16) T 7T ' 


4^2 


t Q xb^JI - xb 


2K 


— sin Lf ■ 


ll + e 


ImM^’^ + sin 2(^9 ■ ImM 


0,1 




( 24 ) 


Note the absence of sin3(^9 in the interference term and of sin2(^9 in \Tycs\^- We can 
now complete our list of tests for the handbag by considering two more weighted cross 
sections, starting again with the region of e where the BH-VCS interference dominates 
over the square of VCS : 


• ((sin(^)) is analogous to ((cos(^)) discussed above, with the difference that now 
no subtraction of \Tbh\^ is necessary. The scaling prediction of the handbag is 


{(siti,^)) ~ 1/Q . 


(25) 


We emphasize again that ((sin(^)) and {{cos ip)) — ((cos(p))gjj offer a way 
to extract the imaginary and real parts of the Mf^ separately. This is a great ad¬ 
vantage of the interference term compared with \Tycs\^-i where real and imaginary 
parts mix and should be difficult to disentangle. Remember that owing to P and 
T invariance the off-diagonal parton distributions introduced in [p| are real valued, 
so that ImM.is given by the off-diagonal distributions at x = and x = 0 
and ReM. V, by a principal value integral over x. Separating the real and imag- 
inary parts of M^’^, is crucial to obtain detailed information on the new parton 
distributions. 


• ((sin2(p)) only receives contributions from the interference. As ((cos3(^)) and 
{{cos2p)) it can be used to test for photon helicity conservation, the handbag 
prediction being 

((sin2(y9)) ~ 1/Q” , n > 2 . (26) 

We should remark that these quantities test for different photon helicity chang¬ 
ing amplitudes and are thus not redundant: ((sin2(^)) is sensitive to ImM°’^,, 
{{cos2p)) to ReM°’^,, and {{cos 399 )) to . 


For large e where the square of VCS dominates the cross section one might use {{sin p )) 
to test for the amplitudes with the same caveat concerning the BH-VCS interfer¬ 

ence contribution we have made for {{cosp)) in the previous section. 

We finally remark that the measurement of {{ sin p)) and {{sin 2p)) does not require 

and 


us to form a lepton spin asymmetry. In fact, all moments ([1^) - and - (^) 
can be determined independently with just one nonzero value of the lepton polarization. 


6. We have shown how the photon spin structure of 7 *p —>■ yp can be investigated using 
the distribution of the angle p, both with and without lepton polarization. To measure 
the dependence of M^’^, on the proton helicities h, h' one needs an experiment with 
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proton polarization. A different class of tests of the handbag dominance can be built 
along the lines drawn in the present study. 

We shall not elaborate on this subject here, but just illustrate what are the additional 
possibilities brought by the extra degree of freedom, focusing on the amplitudes where 
the proton changes its helicity. A possibility to extract information on these amplitudes 
is offered by a transversely polarized proton target, the transverse spin asymmetry being 
given by the interference of proton helicity flip with helicity no-flip amplitudes. In the 
handbag model the proton helicity flip amplitudes have a factor A^Rp as mentioned in 
Sec. 3. That is, they are linear in At for At —0 as required by angular momentum 
conservation for amplitudes where the photon helicity does not change. In general there 
is however an amplitude -ijii which can be finite at = 0 since both proton and 
photon change spin by one unit. This amplitude is zero in the handbag because the 
photon is longitudinal. We then have as a further prediction that to leading order in 
1 /Q proton helicity flip amplitudes must vanish like At as At goes to zero. 
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